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POTASSIUM-BEARING MINERALS 
AS SOIL TREATMENTS 
E. R. GRAHAM AND WM. A. ALBRECHT 
INTRODUCTION 
The acidity in the soil, created by the plant roots (and by the 
soil microbes), is Nature's chemical reagent for processing the rock 
and mineral fragments there much as we process rock phosphate 
with sulfuric acid. This root acid converts their contents of unavail-
able nutrient elements into forms more readily available for plant 
and microbial nutrition~ While the clay separate of the soil is the 
intermediary between the root and the silt-sized mineral fragments; 
and while it is the clay that carries the stock of nutrients we meas-
ure when testing soils for their "available" supplies of these; it is 
the finely ground mineral and rock particles serving as the reserve 
fertility from which the clay is restocked. The clay is the means of 
passing the acid from the roots to the minerals and, in turn, the 
nutrients in the reverse direction, or from the mineral fragments to 
the plant roots. The nutrients held on the Clay are the "starter" 
fertilizer for a single crop. It is these reserve minerals-mixed with 
the clay-as the soil skeleton that are the ·sustaining fertility for 
many crops over many years. 
It is significant, therefore, in our research in soils that (a) an 
inventory be taken of the reserve minerals in a soil, and (h) that we 
get some conception of the rate of mineral conversion from the more 
insoluble to the more available forms of these natural reserves-and 
of any applied to the soils-in relation to the nutrition of our crops. 
It was the aim of the study reported here to use potassium-
containing minerals as soil treatments and to measure the rates at 
which they deliver their potassium contents to a growing crop dur-
ing successive cuttings or during interrupted growth. There were 
ten different minerals. They were finely ground and used as soil 
treatments for the growing of Ladino clover. By means of chemical 
analysis of the harvested crop, measurements were made of the 
potassium delivered from the different minerals in comparison with 
such deliveries from this soil receiving no potassium, and the like 
soil given this nutrient in the form of the more soluble carbonate 
and chloride salts. 
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PLAN AND jUETHQD OF T HE INVESTIGATION 
The Ladino clover was grown on soil treated with the various 
finely ground mineral materials as a source of potassium for the 
plants. The soil was a silt loam, moderately deficient in potassium. 
The characteristics as revealed by simpler soil tests (1)· are given 
in Table 1. The soil was brought to the-greenhouse, carefully dried 
and s9reened for mixing with the various chemicals supplying amply 
the nutrients other than potassium. Soil amounting to 7000 grams 
for each pot was weighed out. To this amount the follo wing mate· 
T:l.ble 1. Test Results of tile Soil Used. 
Organic matter 
PaOs (Bray's eldract) 
pH 
Exchange cations· m.e./lOO grus. 
Hydrogen ----- 2.0 
Calcium ------9.5 
Magnesium --- 1.0 
Potassium ---- .18 
'.0% 
60 pounds/acre 
••• 
terials were added, in equivalents, as respective pounds per t wo mil-
lion pounds of soil; rock phosphate 1000 pounds; superphosphate 100 
pounds; ammonium nitrate 130 pounds; magnesium sulfate 50 pounds; 
copper sulfate 30 pounds; SOdiunl borate 30 pounds ; manganese sul-
fate 30 pounds; zinc acetate 5 pounds; and sodium molybdate 5 
pounds. The amount of potash (K.O) estimated as a suitable appli-
cation in this study was 220 pounds per two million pounds of soil. 
The potash content of the mineral feldspar, for example, is 11 per 
cent. Therefore, if one is to make an addition of 220 pounds of pot-
ash per acre in the form of feldspar then 2000 pounds of this mineral 
must be used. All the mineral treatments for potassium were made 
on the equivalent basis of this application of potash per acre. The 
pots were set up triplicate; three were left as check pots without 
potassium treatment. The soils were then brought to optimum mois-
ture by using distilled water and were seeded with Ladino clover. 
Minerals Tested 
In the first series of pots the following chemical salts and min-
erals were tested,: potassium carbonate and potassium: chloride as 
salts; and orendite pumice, orendite, illite, alunite, glauconite, gran-
ite, basalt, Wyomingite, feldspar, and rhyolite as the minerals. Sam-
.Number9 In parenthuu refer to items In the literature cited, pagt 2. 
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pies of illite, alunite, and glauconite were calcined at a temperature 
of 400· C. and .used as additional soli treatments. At a later date soil 
cultures containing illite, glauconite, alunite, and a feldspar-dolomite 
mixture, each calcined at 700·C. were added to the plan of the experi-
ment. The chemical analyses of the original minerals (4) tested are 
reported in Table 2, and the spectrographic analyses in Table 2a. 
Methods of Analysis of the Clover 
H arvests of the plants were taken after successive growing 
intervals of 68, 39, 56 and ~5 days, or a total growing time of 258 
days. These harvested plants were oven-dried (60·C.) , weighed, and 
recorded. Oven-dry samples of two grams of material were ashed 
over night at a temperature below 500·C. and allowed to cool. Then 
2 ml of perchloric acid (70 'iH were added and brought to boiling. 
After all the carbon had disappeared the perchloric acid was evap-
orated to near dryness, after which the samples were taken up with 
distilled water and filtered into volumetric flasks. Analyses for potas-
sium and calcium were carried out by methods using the dame photo-
meter (3). The magnesium was determined by the methods outlined 
by Sturgis and MacIntire (2). 
RESULTS OF CHEMICAL ANALYSES 
The analytical data representing' the mean values of the tripli-
cates for the total plant material are given in Tables 3-8, inclusive. 
In order to make comparison of the potassium delivered by the four 
successive cuttings more simple, the data of Table 7 are also pre-
sented graphically by Figures 1-4, inclusive. 
From the data it is evident that the calCining of the minerals 
made their potassium more readily available. Also, there were pro-
nounced differences in the amounts of potassium delivered to the 
crop by the different minerals applying equal amounts of potassium 
to the soil. Also it is evident that in many cases these minerals were 
undergoing transformation as a result of incorporation into the soil, 
resulting in the additional amounts of potaSSium going to the crop. 
It is evident that in this soil with a degree of acidity no more severe 
than that represented by a pH of 6.6, the reaction rate between this 
soil growing the crop and the various minerals was rapid enough to 
provide significant amounts of potassium in the cases of some of the 
samples used. In others, the rate was not rapid enough for the 
growth period as long as 258 days to represent potassium release of 
significance so far as uptake of this nutrient element by the clover 
plants would indicate. Nevertheless, this does not deny the possi-
bility that over longer time intervals and higher degrees of hydrogen 
saturation of the clay, these less active potaSSium-hearing minerals 
~ 
fible 1. Chemical Composition of the Different Minerals Used as Soil Treatment •. 
• • ;; ~ " • • ~ i<: • •• -. a 8 ~ -u • -, "- • 
" ~ • ~ 
, 0 0 
" ~ ~ 6 
, 
~ • • s 0 • ~. § • • 0 • • 3 c • Slll~ &0, 51.41 45.71 n.88 67.33 50.94 53.11 83.19 50.09 43.17 0." -
Alumina AlZO, 19.43 1.21 HAS 18.51 13. 14 12.98 22.32 12.76 16.13 36.40 > a 
• Ferrie Odde FeZ03 6.56 22.95 3.46 1.78 5.51 .. " 0.81 5.15 18.52 0.38 -
Titania TOO, 1.01 0.98 0.39 0." 2.43 2.70 0.3 1 2.57 2.92 0.20 ~ 
Magnesillm OJilde MgO 1.75 2.75 0.67 0.41 7.08 5.45 0.07 7.31 3." 0.64 " ~ Calelum Oxide C.O 1.23 1.80 0.40 2.63 6.80 3.73 0.35 6.13 8.13 0.30 r 
Potassium Oxide K,O 4.66 B.25 8.45 3.96 11.19 10.76 7.47 9.69 2.59 8.95 l'l 
Sodium Oxide N"aZO 1.65 O.~8 1.38 3.80 0.49 3.38 3.58 2.04 2.87 0.42 
" ~ IgnitiOn Los8 above 1050C. 5.65 a.'H 0.64 1.20 2.67 2.11 1.5 1 2.48 No" 15.83 • 
-Moisture dried at I050C. 3.09 2.97 0.01 0.14 0.40 0.32 0.01 0.42 0.30 0.1 7 • 
" Manpne~c Oltldc Mo'" 0.12 0,01 0 .12 0.12 0.35 0.24 0.24 0.35 0.41 0.0 1 Z 
" Sulpltur as &J.lpltu r Trioxide SO:! 3. 12 0.38 0. 10 O.ol 0.58 0.24 0.01 0.57 0.21 36.05 
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Table 3. Yields and Concentrations of Potassium, Calcium, and Magnesium In 
the Dried La.dlno Clover as the Result of Soil Treatments Using Different P1)Usslum-
bearing Minerals. (First Cuttlng - 68 days or growth) 
Treatment 
KC' 
Orendlte Pumice 
Drendlte 
Ollte (Cal. 400oC.) 
Alunite (Cal. 4000C .) 
Glauconite (Cal. 400"C.) 
Granite 
Alunite 
Ollte 
Basalt 
No Treatment 
Wyomingite 
Glauconite 
Feldspar 
Rhyolite 
Table 4. Yields 
Average 
yield 
Dry ... ·eight 
(nIs. 
10.2 
10 .9 
••• 
13.2 
11.6 
11.3 
, .. 
11.2 
10.9 
10.0 
11.1 
8.8 
10.1 
,., 
'.8 
10.8 
P1)tasslum 
• 3.10 
3.02 
2.35 
1.78 
2.10 
2.13 
2.22 
1.85 
1.91 
1.95 
2.00 
'-00 
1.78 
1.97 
1.81 
1.50 
CalCium 
• 
Magnesium 
• 1.87 
." 
1.69 
." 
2.23 
." 
1.91 
." 
1.87 
." 
1.91 
." 
1.95 
." 
1.87 
." 
1.91 
." 
2.03 
." 
1.65 
." 
1.98 
." 
1.87 
." 
1.91 
." 
1.95 
." 
1.91 
." 
ami Concentrations of PotasSium, Calcium, and Magnesium In 
the Dried Ladino Clover as the Result of Soil Treatments Using OUrerent Potasslum-
bear!!!S: Minerals. (Second Cuttlns: - 39 dai'S or iirowthl 
Average 
yield. 
Dry .... elght Potassium Calcium Magnesium 
Treatment S!!!S. • • • 
K
2
C0
3 
10.0 2.10 1.50 
." 
KC' '.8 1.67 1.65 
." 
Drendlte Pumice '.3 1.87 1.65 
." 
Qrendlte '-' 1.00 1.62 .U 
lllite (Cal. 4000C.) 7.2 1.07 1.65 .n 
Alunite (Cal. 4000C.l 6.7 1.02 1.76 .n 
Glauconite (Cal. 4000C.l 6.0 1.12 1.50 .n 
Granlte 7.' .85 1.76 
." 
Alunite ••• .98 1.50 .n 
lllite '.5 .93 1.57 .n 
Basalt '.2 
." 
2.03 .U 
No Treatment U 1.02 2.03 .09 
Wyomingite 5.' .85 1.62 .n 
G1auconUe 5.2 1.12 1.57 .n 
Feldspar '-' .93 1.57 ." 
Rhyolite '.0 .90 1.54 .27 
I 
I 
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Fig. 1. Pot.a.!i.!ium harvested In Ladlno clover as cumulative totals for the 
foUl' successlve cuttings when the soil was treated with the potlUl~ium_bearing 
mlnerab: K,co., aluni t e calcined, alunite, and rhyoUte. 
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Fig. Z. Potassium harvu ted In Ladlno clover as cumulative totals for the 
four successive cuttings when the soil was treated with the potassium-bearing 
minerals: K Cl, tUlle e&lclned. illite, and f eldspar. 
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Fig. 3. POtassium h8,.v~sted In Ladlno clover as cumulaUve totals fo r the 
four successl ,'''' cuUing $ wI-en the soil was treated with th" potas,.,ium-bearing 
minerals : orendite pumice. glauconite calcIned. glauconite. and granIte. 
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io'Jg. 4. Potassium harvested In Ladino clover as cumulative totals for the 
four sucecSlllve cuttings when the soU was treated \. .. lth the potassium-bearIng 
mln""aI9: orendite. basalt. and Wyomi ngit ... 
may be delivering avai lable potassium for fertilizer service to a 
growing crop. 
The results of this s tudy demonstrated the significance of the 
reserve minerals already within t he soil, and of the natural minerals 
which might be conveniently applied as helps in keeping up and 
building up the fertility and productivity of the soil. 
Dry Weight Potassium Calcium Magnesium 
Treatment sms. • • • 
K2C03 10.7 1.60 1.69 .18 
KC' 3.9 1.12 1.81> .18 
Orend/te Pumice 5.5 1.12 1.69 .2< 
Orendlte 6.6 .63 1.95 .33 
nUte (Cal . 400°C.) 
••• .63 1.72 .2< 
Alunite (Cal. 4000C. ) 5.' .n 1.87 
." 
Glauconite (Cal. 400"C. ) 5.' .63 1.69 .2< 
Granite 5.6 
." 1.72 .18 
Alunite 5. , 
." 1.69 ." 
nll~ 5.' 
." 1.57 .2> 
Basalt 5.3 .66 1.53 
." 
No Treatment ... 
." 1.65 ." 
Wyomingite U .60 1.98 
." 
Glauconite 3.9 
." 2.14 ." 
Feldspar '.9 .63 1.53 
." 
Rhyolite ••• .63 1.84 .2< 
Table 6. Yields :lIld Concentrations of Potassium, Calcium, and Magnesium In 
the Dried Ladino Clover as the Result of SOli Treatments USing Different Potasslum-
bear!!!S: 1ol1nerals. (Fourth CUttins - 95 w';is of srowtll) 
Avera.ge 
yield. 
Dry weight Potassium Calcium Magnesium 
Treatment sms . • • • 
• ,co, 12.1 1.60 2.28 .<0 
KC' .., 1.32 2.74 A O 
Orendlte Pumice '.9 1.03 2.40 .35 
Orendite 9.' .62 2.62 AO 
nUte (Cal. 400oC. ) 6.' .62 2.25 .<0 
Alunite (Cal. 4000C.) '.5 
." 2.48 .33 
Glauconite (Cal. 4000C.) U .90 2.36 
." G..ruu 10.3 .62 2.52 AO 
Alunite 9.9 .62 2.40 .35 
nllte 6.' 
." 2.40 A' So,." 10.7 .50 2.36 .<0 
No Treatment '.5 .35 2.40 A O 
Wyomingite 6.' 
." 2.32 ." 
Glauconite ,., .67 2.74 .<0 
FeldBpar 9A .67 2.54 .35 
Rhyolite 6.> .56 2.32 .35 
fible 7. Total Potaulum Harvested In Four SUeeenlve CutUnlil:s of Ladino Clol"'" 
as the Result of Soli Treatments Using Different Potash-bearing Minerals. (Total of 258 
da;i l of j;rowthl 
First First, 
"" 
second, First, If<:ond, 
First second and third third, and 
cUlling cuttings cuttingl lourth cv.tUngs 
Treatment mgms. mgms. mgml. Wpl. 
K2C03 m '" 
"8 8" 
KC< '28 ." 
'" '" Orendlte Pumice 
'" 30' 36' m 
Orendlte 'OS 3" 
'" '" n llte (Cal. 400°C.) 
'" '" 
338 
'" Alunite (CII. 40O<>C. ) 
'" 
31' 3<9 ". 
Glauconite (CII. 400°C.) 22' 
'" '" 
.00 
Granite 
'" '" '" 
"8 
Alunite 'OS 
'" '" 
m 
nUte 
'" 
237 28' '51 
Sualt 222 m 
'" 
39' 
No Treatment '76 ". , .. 3<, 
Wyomingite '60 
'" '" 
33' 
Glauconite 179 237 
'" '" Felds par '50 'OS 237 '00 
Rhyolite ' 52 198 
'" 
273 
fible 8. 
Calcium -'1agneslum 
Flnt 7.' 
Alunite seeond 8.3 
Third .. , 
First 10.0 1.47 1.48 
." 197 Glauconite Second 9.' .99 1.57 .18 ,,, 
Third 12.2 
." 2.1 0 .J< '87 
FIrst .. , 1.90 1.46 .87 
'" Wlte """, 7.8 1.22 1.53 ." '" Third 9.7 1.12 2. 10 
." 
365 
Feldsplr Flnt 8.8 1.52 1.46 
." '" ~, SeCOnd 7.8 1.20 1.57 .30 
'" Dolomite Third ,., .87 2.10 
." '" 
K;lC~ 
'" 
No Tru.tment ,S< 
